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ABSTRACT 

\ 

the  Rheometrics  Fluids  Rheometer  (RFR)  is  a  sophisticated, 
automated  device  for  measuring  the  rheological  properties  of  low  to 
medium  viscosity  fluids.  This  publication  is  a  detailed  users  manual 
for  the  RFR.  It  contains  information  on  the  instrumentation,  daily 
operations  and  special  procedures  for  the  RFR.  It  should  be  used  in 
conjunction  with  the  Operations  Manual  for  the  RFR  supplied  by  the 
manufacturer,  Rheometrics,  Inc.  (C  .  , 
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INTRODUCTION 

The  Rheometrics  Fluids  Rheometer  (RFR)  is  an  automated  device 
for  measuring  the  rheological  properties  of  low  to  medium  viscosity 
fluids  (0.01  to  100  poise).  It  is  a  sophisticated,  delicate 
instrument,  and  must  be  used  with  care.  When  Defence  Research 
Establishment  Suffield  (ORES)  purchased  an  RFR  in  1980,  there  was  no 
manual  supplied  with  it.  Consequently,  a  set  of  detailed  notes  on  the 
use  and  care  of  the  RFR  was  complied  at  DRES,  through  experience  and 
discussions  with  the  manufacturer  (Rheometrics  Inc.)  and  other  users. 
This  users  manual  is  the  end  product  of  those  notes.  Rheometrics  did 
supply  an  Operations  Manual  for  the  RFR  (1)  in  1983.  The  two  manuals 
should  be  used  in  conjunction  with  each  other. 


The  RFR  is  manufactured  by  Rheometrics,  Inc.  of  Piscataway,  New 
Jersey.  The  instrument  can  -measure  viscosity  (n)  and  first  normal 
stress  difference  (N,)  in  steady  shear  rate  mode  and  dynamic  viscosity 
(n1)  and  storage  modulus  (G‘)  in  dynamic  mode.  The  steady  shear  rate 
range  is  from  0.01  to  10,000  sec'1  (depending  on  the  fixture),  and  the 
dynamic  range  is  from  0.01  to  500  rad/sec  (1). 

The  RFR  has  two  components  -  a  test  station  and  a  microproces¬ 
sor.  The  sample  is  measured  at  the  test  station,  using  one  of  three 
geometries  -  cone/plate,  parallel  plate  or  couette.  For  all  three 
geometries,  the  lower  fixture  is  a  cup,  with  a  flat  bottom  plate,  which 
holds  the  sample.  This  sample  cup  is  attached  to  a  motor  underneath 
it,  which  rotates  the  sample  in  one  direction  (clockwise  or  counter¬ 
clockwise)  for  steady  shear,  or  sinusoidally  for  dynamic  shear.  The 
upper  fixture,  either  a  cone,  plate  or  bob,  is  lowered  into  the  sample. 
The  torque  and  normal  forces  generated  during  an  experiment  are  mea¬ 
sured  by  two  linear  variable  difference  transducers  (LVDT)  located 
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above  the  upper  fixture  (100  g^cm  transducer  for  torque  and  100  g  for 
normal  force).  The  sample  temperature  is  controlled  by  a  circulating 
bath  which  surrounds  the  sample  cup. 

The  RFR  microprocessor  is  used  to  control  the  experimental  para¬ 
meters  and  to  analyze  and  output  the  raw  data  from  the  test  station. 
The  sample  temperature,  the  geometry,  the  type  of  experiment,  the  ini¬ 
tial  rate,  the  rate  increments  and  the  final  rate  are  input  through  the 
microprocessor.  The  raw  data  (voltage  from  the  LVDT's)  is  analyzed  by 
the  microprocessor  and  outputed  on  a  Texas  Instrument  Silent  700 
terminal.  The  output  format  is  optional.  Usually  torque,  normal  force 
( N )  ,  n,  N ,  ,  and  shear  rate  (>),  are  printed.  The  data  can  also  be 
plotted  on  a  built-in  Hewlett-Packard  X-Y  recorder. 

The  RFR  is  a  sophisticated,  automatic  rheometer.  It  is  capable 
of  detailed  rheological  testing.  It  is  also  expensive,  with  a  price 
tag  of  %  $200,000  (CDN).  If  problems  occur  with  the  microprocessor, 
usually  a  Rheometrics  service  person  is  required  to  diagnose  and  repair 
the  instrument.  This  is  very  costly,  due  to  the  distance  between  DRES 
and  New  Jersey.  The  RFR  is  a  delicate  instrument  and  must  be  handled 
with  care.  This  manual  provides  detailed  instructions  on  its  day  to 
day  operation. 

INSTRUMENTATION 


The  RFR  (Model  7800)  consists  of  two  main  units  -  the  test 
station  and  the  microprocessor.  However,  there  are  many  other  pieces 
of  equipment  used  with  the  RFR  in  the  course  of  the  experiment.  All 
equipment  used  will  be  discussed  in  this  section. 
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The  RFR  setup  at  DRES  is  shown  in  Figure  1.  Included  in  the 
photo  are  the  RFR  test  station,  the  RFR  microprocessor,  the  Texas 
Instrument  Silent  700  data  terminal,  a  Hewlett-Packard  7132A  strip 
chart  recorder,  a  Micro-g  vibration  isolation  table  (under  the  RFR  Test 
Station)  and  a  Nicolet  Model  206  digital  oscilloscope.  Not  shown  in 
the  photo  are  the  Tecam  C-400  circulator,  Topaz  Line  2  power  condi¬ 
tioner  and  a  Fluke  8024A  multimeter. 

RFR  Test  Station 

The  RFR  test  station  is  shown  schematically  in  Figure  2.  The 
various  parts  are  discussed  in  detail  in  the  RFR  Operations  Manual  (1). 
The  test  station  should  be  placed  so  that  it  is  level,  and  isolated 
from  vibrations  (see  the  vibration  isolation  table  description  below). 
It  should  also  be  away  from  drafts  or  severe  changes  in  temperature. 

There  is  a  requirement  for  clean,  dry  air  (or  Na)  for  the 
transducer  (#2-16)  and  the  motor  (#2-15).  The  air  attachment  is  at  the 
left  side  of  test  station  (#2-19).  This  is  also  where  the  air  pulley 
(used  in  the  torque  calibration)  is  located. 

The  sample  is  loaded  into  the  sample  cup  (#2-8).  A  suitable 
circulating  fluid  is  put  into  the  environmental  chamber  (#2-7)  for 
temperature  control.  The  connections  to  the  circulator  are  shown  at 
#2-9.  An  iron/constantan  thermocouple,  plugged  into  the  test  station 
at  #2-5,  is  used  to  monitor  the  temperature  of  fluid  in  the  environ¬ 
mental  chamber.  The  test  fixture  is  attached  to  the  shaft  of  the 
transducer  (#2-20).  The  transducer  is  locked  in  position  by  the 
spindle  lock  (#2-17).  To  move  the  transducer,  the  spindle  lock  is 
loosened  and  the  housing  is  moved  with  the  coarse  spindle  position 
(#2-3)  or  the  fine  spindle  position  (#2-4).  For  a  cone  and  plate 
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experiment,  the  transducer  and  fixture  are  lowered  into  the  sample  to  a 
predetermined  height  or  gap.  The  gap  is  set,  before  the  sample  is 
loaded,  by  lowering  the  transducer  until  the  gap  indicator  gauge  (#2-1) 
hits  the  setting  pen.  At  this  point  the  fixture  is  about  2  cm  from  the 
bottom  of  the  sample  container.  The  transducer  is  lowered  further 
until  the  fixture  just  contacts  the  sampler  container.  The  coarse 
indicator  adjust  (#2-2)  by  the  setting  pen  is  loosened  and  the  gap 
indicator  is  set  to  zero  using  the  fine  indicator  adjust  (#2-6).  The 
position  stop  (#2-18)  is  used  to  set  the  gap  to  the  desired  height. 

RFR  Microprocessor 

There  are  two  parts  to  the  microprocessor  -  the  signal  condi¬ 
tioner  (Figure  3)  and  the  computer  (Figure  4).  Together  they  allow 
input  of  the  experimental  details,  oversee  the  experiment  and  output 
the  data  during  the  experiment. 

The  signal  conditioner  is  the  top  drawer  of  the  microprocessor. 
On  the  front  panel,  there  are  two  meters  (#3-5)  which  measure  the 
torque  and  normal  force  output  from  the  tranducer,  from  0-100%.  This 
is  a  somewhat  coarse  method  of  measuring  the  transducer  outputs.  Under 
the  meters  are  the  coarse  and  fine  offset  adjusts  (#3-1,  3-2)  for  the 
meters,  a  switch  to  indicate  which  transducer  is  installed  (#3-4)  and 
the  torque  and  normal  force  calibration  screws  (#3-3).  The  only  other 
control  that  is  regularly  used  is  the  dynamic/steady  selector  (#3-14). 

The  rear  of  the  signal  conditioner  drawer  has  various  connec¬ 
tions,  to  the  test  station  and  the  computer.  Of  particular  note 
are  the  strain,  T  and  Z  BNC  connectors.  These  are  used  to  monitor  the 
strain,  torque  and  normal  force  outputs,  respectively. 
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The  computer  is  the  bottom  drawer  of  the  microprocessor  unit. 
The  data  select  switches  (#4-1)  allow  various  parameters  to  be  display¬ 
ed  on  the  digital  displays  (#4-2).  The  Bath  HIGH/LOW  light  (#4-3) 
indicates  whether  the  environmental  chamber  is  above  or  below  the 
selected  temperature  (the  temperature  can  be  displayed  on  the  digital 
readout  #4-1).  The  desired  temperature  is  dialed  into  the  TEMP  thumb¬ 
wheel  (#4-6),  in  °C.  The  MODE  switch  (#4-4)  is  used  to  select  the  type 
of  test  desired  (single,  rate  sweep,  temperature  sweep,  etc.).  The 
TEST  switch  (#4-5)  corresponds  to  the  type  of  fixture  used  (cone/plate, 
parallel  plate,  etc.).  The  RATE  thumbwheel  (#4-7)  is  for  the  initial 
rate  (sec-1  for  steady  shear  or  rad/sec  for  dynamic  sweeps).  The 
STRAIN  %  thumbwheel  (#4-8)  is  used  to  input  the  %  strain  used  for  a 
dynamic  measurement.  The  DATA  SELECT  switches  (#4-9,  4-10,  4-11), 
PLOTTER  PRINTER,  TEST  GEOMETRY  and  SWEEP  PARAMETERS  allow  the  user  to 
imput  the  various  experiment  parameters  via  the  data  terminal.  The 
ENABLE  PRINT  and  ENABLE  PLOT  switches  (#4-12)  allow  the  computer  to 
send  the  calculated  data  to  the  appropriate  device.  The  SYSTEM  CONTROL 
switches  (#4-13,  4-14)  are  used  to  control  the  experiment.  START 
places  the  sample  under  the  control  of  the  computer.  RESET  terminates 
the  test.  HOLD  interrupts  the  test  in  progress,  and  maintains  the 
current  rate.  The  READ  FOR  AVERAGE  button  is  used  in  the  steady  mode, 
to  take  a  measurement.  The  STATUS  indicators  (#4-15)  are  monitored  to 
determine  how  the  experiment  is  proceeding.  The  INPUT  OVERLOAD 
indicates  the  transducer  range  or  %  strain  has  been  exceeded.  The 
MEASURE  IN  PROGRESS  indicates  when  the  computer  is  collecting  data. 

The  rear  of  the  computer  drawer  has  several  connections  between 
the  test  station,  the  signal  conditioner,  the  plotter  and  the  data 
terminal.  Of  particular  note  is  the  SI  switch.  This  is  the  computer 
reset  and  is  used  when  there  has  been  a  power  flux  or  the  computer 
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hangs  up.  The  FUNCTION  SELECT  switch  should  also  be  noted.  It  has 
four  positions:  sine  wave,  ramp  input,  square  wave  and  TEST.  During 
normal  system  operation,  the  sine  wave  is  selected,  which  provides  a 
sinusoidal  strain  command  to  the  strain  servo.  The  TEST  position  is 
used  during  maintenance  of  the  RFR . 

Data  Terminal 


The  data  terminal  is  a  Texas  Instrument  Silent  700  Model  743  KSR 
(2).  It  is  used  to  input  information  to  the  microprocessor,  and  output 
data . 


The  data  terminal  is  left  on  line  at  all  times.  It  is  plugged 
into  the  power  strip  at  the  back  of  the  microprocessor  unit,  and  is 
turned  on  when  the  main  power  to  the  RFR  is  turned  on.  The  carrier 
detect  indicator  should  be  lit  when  the  terminal  is  on.  Set  the  speed 
switch  to  HIGH  (30  characters/second),  duplex  to  FULL  (transmit  and 
receive)  and  ONLINE  (under  computer  control).  When  the  main  power  to 
the  RFR  is  turned  on,  the  computer  initializes  and  prints  at  the  data 
terminal  "RFR  SOFTWARE  VERSION  2.7". 

The  data  terminal  uses  thermal  paper.  The  paper  will  gradually 
darken  when  exposed  to  light.  Any  outputs  should  be  stored  in  a  binder 
for  further  reference.  The  printhead  should  be  cleaned  with  alcohol, 
as  described  in  reference  2,  whenever  the  paper  is  changed. 

Data  is  input  to  the  microprocessor  via  the  data  terminal.  As 
well,  the  terminal  can  be  used  as  a  typewriter  to  annotate  each  fluid 
tested.  It  is  a  good  idea  to  type  the  fluid  identification  and 
experimental  parameters  before  each  run.  The  Silent  700  uses  ASCII 
code.  The  following  keystrokes  will  be  useful  when  typing  at  the  data 
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terminal : 

a.  CTRL  C  -  if  a  correction  is  needed  prior  to  pressing  RETURN 

this  will  eliminate  the  entire  line. 

b.  CTRL  H  -  backspaces  the  printhead  so  the  entry  may  be 

retyped.  This  is  also  used  before  the  RETURN  key 
is  pressed. 

c.  ESC  -  if  the  RETURN  key  has  been  pressed,  and  an  entry 

to  a  data  select  mode  is  incorrect,  the  ESC  key 
will  stop  the  inquires.  The  previous  selections 
will  remain  in  the  computer  memory.  Restart  the 
selections  by  pressing  the  appropriate  data  select 
key. 

d.  CNTL  P  -  this  initiates  a  new  page,  with  heading.  Other¬ 

wise  a  new  page  will  automatically  appear  after  50 
lines  of  print. 

Plotter 

The  plotter,  built  into  the  RFR  microprocessor  unit,  is  a 
Hewlett-Packard  7010B  X-Y  recorder  (3).  It  is  used  to  plot  the  data 
during  an  experiment.  Time,  Temperature  and  Strain  sweeps  require 
semilog  paper,  while  Rate  sweeps  require  log-log  paper. 

Usually  the  plotter  is  used  under  computer  control,  with  the 
NORM/AUX  switch  in  the  NORM  position.  The  AUX  position  allows  the  Y 
input  to  be  torque,  normal,  strain  or  any  external  input,  and  the  X 
input  is  time. 
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During  an  experiment,  each  measurement  is  plotted  as  a  discrete 
point  on  the  graph.  Several  runs  may  be  plotted  on  one  graph  paper,  by 
using  different  colored  pens.  It  is  necessary  to  set  the  border  limits 
each  time  the  paper  or  pen  is  changed. 

Strip  Chart  Recorder 

The  recorder  used  at  DRES  is  a  Hewlett-Packard  7132A  model  (4). 
It  is  very  important  to  monitor  the  torque  and  normal  force  during  a 
steady  shear  measurement,  and  this  is  very  easily  done  using  a  strip 
chart  recorder.  As  well,  it  provides  a  permanent  record  of  the  torque 
and  normal  outputs. 

The  recorder  should  be  plugged  into  the  outlet  strip  at  the  back 
of  the  microprocessor  unit.  The  torque  and  normal  outputs  are  obtained 
from  BNC  connectors  at  the  back  of  the  signal  conditioner  cabinet.  The 
normal  output  will  always  be  in  the  same  direction,  while  the  torque 
output  depends  on  the  direction  of  rotation  of  the  sample  cup.  To 
compensate  for  the  change  of  direction,  the  torque  baseline  should  be 
changed,  rather  than  switching  the  input  leads.  This  makes  directional 
changes  easier  to  identify  on  the  recordings. 

Osci 1 loscope 

A  Nicolet  Model  206  digital  recording  oscilloscope  (5)  is  used 
with  the  RFR  to  zero  the  gap.  The  manufacturer's  recommended  method 
of  setting  the  gap  uses  the  normal  meter  on  the  front  of  the  signal 
conditioner  cabinet  to  determine  when  the  fixture  is  touching  the 
sample  cup.  However,  this  is  a  very  insensitive  method.  The  oscillo¬ 
scope  offers  a  greatly  expanded  scale,  for  more  sensitive  measurements. 
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The  scope  is  plugged  into  the  outlet  strip  at  the  back  of  the 
microprocessor  cabinet.  The  normal  output  is  taken  from  the  BNC 
connector  at  the  back  of  the  signal  conditioner  cabinet.  The  Nicolet 
oscilloscope  can  also  be  used  to  record  the  normal  and  torque  outputs 
during  a  run,  via  the  magnetic  disk  drive.  Operational  details  are 
contained  in  the  Nicolet  User's  Manual  (5). 

Circulating  Bath 

The  circulating  bath  supplied  with  the  RFR  is  a  Tecam  C-400 
circulator  (6).  It  can  be  used  from  -20  to  80°C,  depending  on  the 
circulating  fluid  used.  For  the  normal  temperature  range  of  20-45°C, 
distilled  water  is  used. 

Initially  the  circulator  was  located  in  the  rear  of  the  test 
station  casting.  This  led  to  vibrational  problems  with  the  trans¬ 
ducers.  Consequently  the  circulator  was  moved  away  from  the  casting. 
The  circulator  requires  a  connection  to  cooling  water  for  operation 
near  room  temperature.  This  is  not  needed  for  higher  temperatures. 
The  circulator  is  connected  to  the  environmental  chamber  via  quick 
connectors.  These  are  very  awkwardly  placed,  making  the  connection 
difficult. 

When  the  circulator  is  started,  there  should  be  approximately 
one  inch  of  fluid  in  the  environmental  chamber.  This  is  enough  to 
cover  the  connectors  and  prevent  air  from  entering  the  tubing.  How¬ 
ever,  the  fluid  volume  in  the  chamber  increases  once  the  circulator  is 
on  and  any  more  than  an  inch  of  fluid  would  cause  flooding  of  the 
sample  cup. 
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Vibration  Isolation  Table 


The  RFR  test  station  must  be  isolated  from  vibrations  which  may 
interfere  with  the  transducer  measurements.  To  this  end,  the  test 
station  is  situated  on  a  Micro-g  vibration  isolator  air  table  (7).  The 
air  table  has  pressurized  pneumatic  air  springs  and  requires  a  source 
of  clean,  dry  air  or  N2  gas.  The  air  table  can  be  leveled  by  means  of 
‘■"jilt-in  leveling  adjustment  screws.  This  must  be  done  when  the  air  to 
the  table  is  on.  The  table  remains  level  through  adjustable  screw 
vp s.  When  weight  is  added  or  removed,  or  the  table  top  is  bumped, 

• r.e  valves  adjust  the  pressure  and  restore  level  within  a  few  seconds. 

;v. jinditioner 

■-e  RFR  microprocessor  is  very  sensitive  to  changes  in  supplied 
.  v  '  '  alleviate  this,  a  Topaz  Line  2  power  conditioner  (8)  is  used 

l  •  pro',  :  1  e  clean,  steady  AC  power.  It  protects  against  noise 
-  ;  t  -h  '-os  and  voltage  variations.  In  addition  to  the  RFR,  all  other 
eq-jip  ;.ent  attached  to  the  RFR  using  electrical  power  must  be  hooked  up 
tnrough  the  power  conditioner.  Otherwise  some  line  noise  may  be  trans¬ 
ited  through  the  ground  connection.  This  means  that  the  oscilloscope 
.o..  the  strip  chart  recorder  must  be  plugged  into  the  power  bar  in  the 
Lack  of  the  rricr  'processor  unit. 

Mu 1 1 imeter 

A  multimeter  is  very  useful  for  calibrating  the  torque  and 
normal  forces.  If  a  multimeter  is  not  available,  either  the  oscillo¬ 
scope  or  the  strip  chart  recorder  can  be  used.  At  ORES,  a  Fluke  8024A 
multimeter  is  used.  The  full  scale  deflection  for  the  torque  or  normal 
force  is  10  V  DC. 
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RFR  Accessories 


below. 


There  are  several  accessories  for  the  RFR.  These  are  describe' 


a .  Cones 

The  cones  shown  in  Figure  5  have  very  shallow  angles,  0.01 
to  0.04  radians  (or  0.3  to  1.1°).  The  tips  have  been  truncated. 
When  the  cone  is  in  the  sample,  there  is  a  gap  between  the 
bottom  of  the  sample  cup  and  the  cone.  The  gap  is  exactly  the 
length  of  the  tip  that  was  truncated,  and  is  usally  around  50 
microns.  Several  different  cones  have  been  supplied  by  the 
manufacturer.  The  early  ones  were  made  from  thin  aluminum, 
coated  green,  and  were  easily  distorted.  They  have  been 
replaced  by  ones  made  from  titanium.  Each  of  the  titanium  cones 
has  a  serial  number  and  a  calibration  sheet,  certifying  the  cone 
angle  and  the  gap  setting.  Copies  of  the  certification  sheets 
for  the  three  ORES  cones  (all  25  mm  Radius;  0.01,  0.02,  0.04 
radians)  are  in  Appendix  I.  Each  of  the  cones  came  in  a  padded 
wooden  box.  They  should  be  stored  in  the  boxes  to  prevent 
damage. 

b .  Parallel  Plate 

The  parallel  plate  fixture  is  simply  a  flat  plate,  that  is 
parallel  to  the  bottom  of  the  sample  cup.  As  with  the  cones, 
the  early  parallel  plates  were  made  from  aluminum,  coated  green. 
These  have  been  replaced  with  a  more  substantial  titanium 
parallel  plate.  The  plate  has  a  radius  of  25  mm. 
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c .  Couette  Assembly 

The  couette  assembly  consists  of  a  cup  and  a  bob.  These 
are  the  original  fixtures  supplied  by  the  manufacturer.  To  date 
they  have  not  been  tested. 

d.  Cal ibration  Fixture 


The  calibration  fixture  is  a  parallel  plate  made  from  alum¬ 
inum,  with  an  arm  extending  from  the  shaft,  as  shown  in  Figure 
7.  The  arm  has  a  notch  in  it  exactly  two  centimeters  from  the 
center  axis  of  the  shaft  of  the  fixture.  Weights  are  hung  by 
thread  from  the  notch  in  the  arm,  over  the  air  pulley.  The 
resulting  torque  is  equal  to  the  mass  x  2  cm. 

e.  Sample  Cup 


Two  different  sample  cups  have  been  supplied  by  the  manu¬ 
facturer.  The  first  has  a  glass  bottom  and  sides  (see  Figure 
6).  The  second  container  has  a  polished  titanium  bottom  and 
glass  sides. 

f.  Environmental  Chamber 


The  environmental  chamber  is  made  from  plexiglass.  It  has 
three  legs  which  mount  onto  the  stage  above  the  motor.  It  has 
two  quick  connectors  which  couple  to  the  circulating  bath 
tubing.  The  sample  cup  fits  snugly  in  the  center  of  the 
chamber.  A  donut-shaped  rubber  gasket  provides  a  seal  around 
the  sample  cup  shaft  and  prevents  leakage.  This  gasket  must  be 
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replaced  periodically.  The  chamber  should  be  cleaned  with  a 
mild  soap  solution  only  -  solvents  will  soften  or  craze  the 
plexiglass . 


g .  Transducers 


ORES  has  two  transducers  for  the  RFR.  One  has  a  100  g-cm 
torque  range  and  a  100  g  normal  force  range.  The  other 
transducer  (modified  from  a  10g-cm  torque  range  and  a  100  g 
normal  force  range)  has  a  1000  g-cm  torque  range  and  a  1000  g 
normal  force  range.  Each  transducer  has  its  own  torque  and 
normal  circuit  boards.  The  transducers  are  not  readily  inter¬ 
changed.  The  process  of  installation,  alignment,  electrical  and 
weight  calibration  is  tedious  and  can  take  up  to  a  week  to 
complete . 


h.  Extender  Boards 


There  are  two  extender  boards  for  the  RFR,  one  for  the 
small  circuit  boards  in  the  signal  conditioner  drawer,  and  one 
for  the  larger  circuit  boards  in  the  computer  drawer.  These  are 
necessary  for  some  of  the  electrical  calibrations. 


i .  Spare  Boards 


DRES  has  purchased  several  spare  circiut  boards,  to  be  used 
if  the  working  ones  fail.  The  ones  on  hand  are: 

-  A/D  Converter  Board 

-  Frequency  Synthesizer 

-  Computer  Board 

-  Temperature  board 

-  Signal  Conditioner  board 
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Dial  Indicator  Gauqe 


The  dial  indicator  gauge  is  used  to  determine  whether  the 
transducer  shaft  is  aligned  with  the  motor  shaft  with  respect  to 
concentricity  and  flatness.  The  gauge  is  mounted  in  the  motor 
shaft  (after  removing  the  environmental  chamber  and  sample  cup); 
and  the  dial  rests  on  the  edge  of  a  parallel  plate  fixture  (or 
the  calibration  fixture)  (See  Figure  9).  The  gauge  is  turned 
the  full  circle  of  the  fixture  and  the  change  in  the  dial 
reading  is  recorded.  The  mirror  mounted  behind  the  motor  shaft 
is  very  useful  in  reading  the  gauge  when  it  is  facing  the  rear. 


k.  A1 ignment  F ixture  (made  at  DRES) 


The  alignment  fixture  is  a  hollow  tube  which  fits  into  the 
motor  shaft.  The  shaft  of  the  transducer  just  fits  into  the 
opening  of  the  tube.  It  is  used  to  roughly  align  the  transducer 
to  the  motor  shaft,  when  the  transducer  is  first  installed. 


DATA  REDUCTION 


The  raw  data  is  automatically  reduced  by  the  microprocessor. 
The  equations  used  by  the  RFR  are  given  in  Reference  1. 


DAILY  OPERATIONS 


Note:  The  instrument  must  be  on  for  a  minimum  of  30  minutes  before  any 
operations  are  performed. 


1 .  Air  Table 


Ensure  the  air  table  has  a  source  of  clean,  dry  air  or  N2  gas. 
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For  the  N2  cylinder,  set  the  regulator  to  50  PSI.  This 
gives  a  reading  of  25  on  the  gauge  under  the  air  table. 

Transducer 

Ensure  the  airbearing  in  the  transducer  has  a  supply  of 
clean,  dry  air  or  N2  gas.  For  the  N2  cylinder,  set  the 
regulator  to  45  PSI.  Any  moisture  or  dust  in  the  air  supply 
will  damage  the  transducer. 

Cal ibrations 

Both  the  normal  and  torque  outputs  must  be  calibrated 
daily.  The  readings  should  be  recorded,  along  with  the  associa¬ 
ted  voltages,  on  a  form  such  as  that  shown  in  Appendix  II.  Nor¬ 
mally,  the  torque  is  calibrated  first,  then  the  normal  force. 

a.  Torque  (See  Figure  7) 

1)  Place  the  calibration  plate  on  the  transducer  shaft, 
with  the  calibration  arm  facing  forward. 

2)  Install  the  air  pulley  at  the  left  side  of  the  trans¬ 
ducer  shaft  as  in  Figure  7.  Turn  on  the  air  to  the  air 
pulley,  until  the  arms  of  the  pulley  rotate  very  slowly 
(only  a  slight  air  pressure  is  needed). 

3)  Set  the  instrument  according  to  the  settings  listed  in 
Table  I  until  the  "Initiate"  setting.  Be  sure  the  environ¬ 
mental  chamber  is  off,  as  the  temperature  is  set  to  700°. 
Monitor  the  torque  output  from  the  T  BNC  at  the  back  of  the 
signal  conditioner  drawer,  with  the  voltmeter. 

100  g-cm  =  10  V  (maximum  output) 
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4)  Zero  the  torque  meter  on  the  front  of  the  microprocess¬ 
or  (#3-5)  using  the  fine  offset  adjust  (#3-2),  so  the 
needle  is  at  zero  percent.  This  is  easily  done  using  the 
voltmeter.  The  offset  adjusts  for  the  meter  are  not  used 
once  a  calibration  begins.  However,  the  fine  offset  may  be 
used  in  between  two  calibrations. 

5)  Depress  the  START,  HOLD  switches.  The  motor  will  turn 
the  sample  cup  at  the  rate  input.  The  readings  are  done 
automatically  and  the  values  appear  on  the  TORQ  display. 

6)  Start  at  0  g  with  no  weights  on  the  arm.  The  value 
torque  should  be  less  than  0.2%  of  full  scale  (i.e.,  <  0.2 
g-cm  for  a  100  g-cm  transducer).  Record  the  TORQ  result 
and  the  voltage.  The  zero  reading  is  very  important.  The 
computer  uses  the  voltage  measurement  at  zero  grams  to 
calculate  an  electronic  offset  that  is  applied  to  all  other 
measurements.  If  a  low  zero  is  not  obtained,  press  RESET 
and  start  again. 

Note:  Wait  until  two  or  three  measurements  have  been  taken  by  the  RFR 
(as  indicated  by  the  MEASUREMENT  IN  PROGRESS  indicator)  before  record¬ 
ing  the  torque  value.  The  initial  reading  may  not  be  representative. 

7)  When  the  MEASURE  IN  PROGRESS  light  is  off,  carefully 
hang  a  20  g  weight  from  the  calibration  arm  of  the  calibra¬ 
tion  plate,  over  the  front  arm  of  the  air  pulley.  Be  sure 
the  weight  does  not  oscillate,  or  touch  the  air  pulley  or 
the  water  in  the  environmental  chamber.  Record  the  reading 
and  the  voltage  (should  be  40  g-cm  and  4V). 

8)  Repeat  step  7,  using  40  g  (80  g-cm).  The  actual  cali¬ 
bration  should  be  done  at  this  weight,  if  the  voltages  are 
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not  as  expected.  Adjust  the  fine  calibration  screw  (#3-3) 
under  the  torque  meter,  until  the  TORQ  display  reads  80.0 
g  ■  cm . 

9)  Press  RESET,  wait  10  seconds,  then  repeat  the  calibra¬ 
tion  procedure  from  step  4. 

Note:  The  transducer  should  give  linear,  repeatable  results. 

10)  If  the  readings  are  consistent,  then  the  torque  output 
is  calibrated.  Turn  off  the  air  pulley  and  remove  it. 

b.  Normal  (See  Figure  8) 

1)  Set  the  instrument  according  to  Table  I  until  the 
"Initiate"  setting.  The  calibration  plate  used  for  the 
torque  calibration  is  also  used  for  the  normal  calibration. 

Note:  Be  sure  to  change  the  temperature  thumbwheel  to  25°C  before 
turning  on  the  environmental  chamber. 

2)  Ensure  the  NORMAL  meter  on  the  front  of  the  micropro¬ 
cessor  (#3-5)  is  zeroed.  Use  the  voltmeter  and  the  fine 
offset  adjust  (#3-2)  under  the  meter.  This  offset  adjust 
is  not  used  once  a  calibration  has  started,  but  may  be 
adjusted  after  the  RESET  has  been  pressed,  before  the  next 
calibration.  The  normal  signal  is  monitored  from  the  Z  BNC 
at  the  back  of  the  signal  conditioner  drawer. 

3)  Start  the  calibration  without  any  weights.  Press  START 
and  HOLD.  In  steady  mode,  the  readings  must  be  taken  manu¬ 
ally,  by  pressing  the  READ  FOR  AVERAGE  switch.  Wait  until 
the  normal  force  is  constant  before  starting  the  reading. 
Take  the  reading  for  -v  10  sec.,  then  press  the  READ  FOR 
AVERAGE . 
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switch  again.  The  normal  force  will  appear  on  the  NORM 
display.  Record  the  value  and  the  voltage. 

4)  Place  the  weights  for  the  next  reading  directly  on  the 
top  of  the  calibration  plate.  The  weights  should  be  placed 
symmetrically  around  the  shaft,  as  close  to  the  shaft  as 
possible . 

5)  Readings  should  be  done  at  40  g  (use  2  x  20  g),  60  g 
(use  3  x  20  g)  and  80  g  (use  4  x  20  g).  Calibrate  at  80  g, 
if  any  adjustments  are  necessary.  Adjust  the  fine  calibra¬ 
tion  screw  (#3-3)  under  the  NORMAL  meter,  until  the  NORMAL 
display  reads  80.00  g. 

6)  Press  RESET,  wait  10  seconds,  then  repeat  the  calibra¬ 
tion  procedure,  from  step  2. 

Mote:  Usually  the  normal  is  much  harder  to  calibrate  than  the  torque. 
If  the  normal  appears  calibrated  on  the  first  calibration  sequence, 
then  often  it  is  not  correct  on  the  second  calibration  sequence,  after 
the  instrument  has  been  reset.  The  sequence  may  have  to  be  repeated 
3-4  times,  before  consistent  values  are  obtained. 

The  instrument  is  now  calibrated  and  is  ready  for  a  sample  run.  Remove 
the  calibration  fixture. 

4.  Zeroirq  the  Cap  (for  cone/plate  or  parallel  plate  fixtures) 

Install  the  fixture  required  for  the  experiment.  Everytime  a 
fixture  (a  cone  or  the  parallel  plate)  is  installed,  the  gap  zero  must 
be  checked.  The  gap  setting  is  very  important  in  obtaining  accurate 
results.  The  gap  zero  is  set  using  the  Nicolet  digital  oscilloscope 
and  the  normal  output  (from  the  Z  BNC,  at  the  back  of  the  signal 
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conditioner  drawer).  This  is  a  delicate  procedure  and  should  he  done 
with  care.  Otherwise,  damage  will  result  to  the  transducer. 

a .  Oscilloscope  Settings 
ON 

LIVE  input 
10  p  sec/point 
auto  mode 
1  volt  x  1  scale 
auto  center  off 

Adjust  the  signal  on  the  scope,  so  that  it  is  sensitive  and 
is  centered  on  the  horizontal  cross  hair. 

b.  Unlock  the  transducer,  using  the  spindle  lock  (#2-17)  at 
the  left  front  of  the  test  station. 

c.  Use  the  coarse  spindle  position  (#2-3)  on  the  right  hand 
side  of  the  casting,  to  lower  the  transducer  housing  (the 
gear  lock  by  this  knob  should  be  in  the  bottom  position). 
Stop  the  motion  when  the  gap  indicator  gauge  (#2-1)  makes 
contact  with  the  setting  pin. 

Note:  Be  sure  to  watch  the  fixture  as  it  is  being  lowered.  At  this 
point,  it  should  be  %  2  cm  above  the  bottom  of  the  sample  cup. 

d.  Lock  the  transducer  in  place.  Shift  the  gear  lock  (by  the 
coarse  spindle  adjust)  to  the  top  position.  This  engages 
the  fine  spindle  adjust  (#2-4).  Unlock  the  transducer. 

e.  Slowly  lower  the  transducer  using  the  fine  spindle  adjust, 
until  the  fixture  just  touches  the  sample  container,  as 


UNCLASSIFIED 


UNCLASSIFIED 


/20 


indicated  by  a  large  change  in  the  normal  force  output  on 
the  scope. 

Back  off  slightly.  Again,  slowly  lower  the  plate,  until 
the  normal  signal  just  barely  moves.  This  is  the  zero 
position. 

Now  set  the  gap  indicator  gauge  to  zero,  using  the  fine 
indicator  adjust  (#2-6). 

Repeat  f  and  g  until  the  gap  is  correctly  set  to  zero.  At 
this  point,  the  fine  indicator  adjust  should  be  tight. 
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5 .  Setting  the  Gap 

For  cone/plate  measurements ,  the  gap  must  be  set  to  a  specific 
value,  according  to  the  calibration  sheet  accompanying  each  cone.  This 
is  not  necessary  for  parallel  plate  measurements,  since  the  gap  setting 
is  variable  in  this  mode.  The  gap  is  set  before  the  sample  is  loaded 
into  the  sample  container. 

a.  Raise  the  transducer  until  the  gap  indicator  gauge  reads 
the  necessary  gap  measurement  plus  4  microns.  That  is,  for 
a  50  p  gap,  set  the  instrument  to  54  p .  (The  4  microns  is 
the  slack  in  the  movement.) 

b.  Insert  the  feeler  gauge  strip  at  the  position  stop  screw 
(#2-18).  Mark  this  spot  on  the  feeler  gauge  strip  using  a 
felt  pen. 

Note:  The  feeler  gauge  strip  is  2/1000  in.,  but  any  feeler  gauge  may 

be  used. 

c.  Gently  lower  the  position  stop  screw  onto  the  feeler  gauge. 
Then  lock  the  screw  in  place  with  the  locking  nut.  The  gap 
indicator  gauge  should  not  have  moved. 

d.  Raise  the  transducer.  Lower  it  down  until  the  stop  screw 
hits  the  feeler  gauge.  The  gap  indicator  gauge  should  read 
the  desired  value  ( i . e . ,  50  p).  Otherwise,  repeat  steps 


Repeat  step  d  several  times,  until  the  gap  indicator  gauge 
consistently  reads  the  correct  value. 
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f.  Raise  the  transducer,  and  remove  the  piece  of  feeler  gauge. 
The  instrument  is  ready  for  the  sample. 

6 .  Loading  the  Sample 

The  size  of  the  sample  will  vary,  depending  on  the  type  and  size 
of  fixtures  used.  A  listing  of  the  volumes  needed  for  the  various 
fixtures  is  in  Table  II.  The  easiest  way  to  measure  and  insert  a 
sample  is  with  a  disposable  syringe.  For  viscous  material,  care  must 
be  taken  to  fill  the  syringe  slowly.  Otherwise  bubbles  will  be 
introduced.  The  syringes  are  used  once,  then  discarded  in  the  chemical 
waste  jars,  to  prevent  any  sample  contamination. 

a.  Raise  the  transducer  housing. 

b.  Slowly  empty  the  syringe  into  the  centre  of  the  sample  cup. 

c.  Allow  any  bubbles  to  rise  out  of  the  sample. 

d.  For  low  viscosity  fluids  (<  15  p)  it  will  be  necessary  to 
lower  the  cone/plate  fixture  immediately,  before  the  sample 
runs  to  the  edge  of  the  container.  For  more  viscous  fluids 
(>  15  p),  the  sample  can  be  left  for  10-15  minutes  before 
lowering  the  fixture,  to  ensure  all  bubbles  are  out  of  the 
sample . 

e.  Slowly  lower  the  transducer  assembly. 
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Note:  1.  For  cone/plate  measurements  the  feeler  gauge  should  !■'■  -r. 
position  so  that  when  the  position  stop  screw  hits  the  feeler  gauge, 
the  fixture  will  be  at  the  correct  gap  setting. 

2.  For  parallel  plate  measurements,  lower  the  fixture  until  the 
normal  force  just  starts  to  register  on  the  normal  force  meter.  Record 
the  gap  from  the  gap  indicator  gauge. 

f.  With  the  motor  off,  slowly  turn  the  cup  by  hand,  ensuring 
that  the  fluid  completely  fills  the  area  under  the  fixture. 
There  should  not  be  any  sample  on  top  of  the  fixture. 

g.  Allow  the  sample  to  come  to  temperature  equilibrium  for 
10-15  minutes  before  any  measurements  are  made.  For 
viscoelastic  materials,  the  normal  force  must  be  monitored 
during  this  time.  The  material  must  be  fully  relaxed 
(constant  normal  force  reading  on  the  strip  chart  recorder) 
before  testing  can  begin. 

7 .  Data  Collection 

There  are  many  measurement  options  available  on  the  RFR.  The 
user  can  choose  to  do  a  single  rate  or  a  rate  sweep.  A  temperature 

sweep  at  one  rate  may  be  chosen  or  a  combination  frequency/temperature 

sweep.  In  the  dynamic  measurements  a  strain  sweep  can  be  chosen. 

There  is  also  a  cure  mode,  transient  mode  and  thixotropic  loop  mode. 
In  general,  testing  is  done  in  steady  or  dynamic  shear  with  a  rate 
sweep.  The  single  rate  measurement  is  useful  too,  for  rapid  sample 

evaluation  at  the  start  of  an  experiment.  The  temperatures  and  strains 
are  usually  changed  manually,  rather  than  using  the  preprogrammed  steps 
in  the  RFR.  The  different  options  are  described  in  detail  in  Chapter 
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one  of  Reference  1.  Typical  steady  shear  and  dynamic  mode  experiments 
will  be  described  in  the  next  two  sections. 

8 .  Steady  Shear  Experiment 

Measurements  are  made  in  either  the  clockwise  (CW)  or  counter¬ 
clockwise  (CCW)  direction.  Usually  the  sample  is  tested  over  a  range 
of  shear  rates  in  one  direction,  allowed  to  relax  for  several  minutes 
then  measured  at  the  same  rates  in  the  opposite  direction.  The  follow¬ 
ing  selections  must  be  determined  for  a  steady  shear  measurement. 

a.  Direction  -  choose  STEADY  CW  or  STEADY  CCW 

Be  sure  to  note  the  selection  on  the  printer  and  strip 
chart  outputs. 

b.  Mode  -  Select  RATE  SWEEP  (or  SINGLE) 

c.  Dial  in  the  initial  rate  (in  sec*1)  on  the  thumbwheel.  The 

initial  rate  should  be  large  enough  to  give  an  initial 

torque  value  of  one  percent  of  full  scale  (i.e.  1  g-cm  for 

a  100  g-cm  transducer).  If  a  rate  sweep  has  been  selected, 
then  press  SWEEP  PARAMETERS  and  input  the  following  data  on 
the  data  terminal : 

1)  Last  Rate  -  the  maximum  rate  for  the  run.  The  final 
rate  should  be  such  that  the  torque  or  normal  forces  are 
still  on  scale. 

2)  Points  per  decade  -  usually  there  are  10  points  per 
decade.  The  rates  are  divided  up  logarithmically. 
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3)  Read  inqs  per  rate  There  i.  on  iy  i  ne  » .-ad  i ->i  p<  i  »  r  <• . 
when  the  measurements  are  in  the  same  dir-'-t  inr  \(  fw  and 
CCW  measurements  were  taken  and  averaued  toqe’hrr  at  ear1 
rate,  then  there  would  be  two  readings  per  rate. 

TEST  Selection  -  select  the  fixture  used  (cone/plate  nr 
parallel  plate).  Then  press  TEST  GEOMETRY  and  enter  the 
fixture  measurements  via  the  data  terminal. 

1)  Cone/Plate  -  enter  radius  and  cone  angle. 

2)  Parallel  Plate  -  enter  gap  and  radius. 

3)  Couette  -  enter  cup  radius,  bob  radius  and  bob  length. 

Temperature  -  Dial  in  the  desired  temperature  (in  °C)  using 
the  thumbwheel.  Turn  on  the  cooling  water  to  the  fluid 
circulator.  Ensure  there  is  -v  one  inch  of  water  (or  other 
fluid)  in  the  bath  container  (just  enough  to  cover  the 
circulation  ports).  At  the  test  station,  press  the 
ENVIRONMENTAL  CHAMBER  switch  on.  Press  and  hold  the  PUMP 
RESET  switch  until  the  bath  fluid  is  visibly  circulating  in 
the  bath  container.  Monitor  the  temperature  using  the  TEMP 
digital  display,  and  an  independent  thermometer. 

Printer  -  to  select  the  printer  output  format  press  PRINTER 
and  enter  either  Y  (yes)  or  N  (no)  after  each  entry  on  the 
data  terminal.  The  selections  for  output  are: 

1)  Eta  -  Y 

2)  N,  -  Y 
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3)  Torque  -  Y 

4)  Normal  -  Y 

5)  Temperature  -  Y 

6)  Time  -  N 

7)  Rate  -  Y 

8)  Page  Title  -  input  the  current  date,  usually,  for  the 
page  heading 


Note:  Only  six  columns  are  allowed.  If  more  than  six  are  selected, 
only  the  first  six  are  printed  out. 


Next,  press  ENABLE  PRINT,  for  the  microprocessor  to  pass  information  to 
the  data  terminal . 


Plots  -  Plots  can  be  output  during  a  run.  It  is  a  good 
idea  to  wait  until  a  preliminary  run  has  been  done,  so  that 
the  values  of  n ,  N,  and  rate  are  known  before  doing  a  plot. 
The  output  is  either  a  semi-log  or  log-log  plot,  depending 
on  the  selections  made.  To  select  the  plotter  options, 
press  PLOTTER  and  input  the  correct  answers  to  the  follow¬ 
ing  questions  on  the  data  terminal. 


Note:  The  number  of  cycles  input  for  a  log  axis  must  correspond  to  the 
number  of  cycles  on  the  graph  paper. 


1) 

X-axis 

=  Temp 

N 

=  Rate 

Y  -  usually  the  rate  is 

the  X-axis 

2) 

X-axis 

zero 

3) 

X-axis 

max 

-  select  0.1,  1 ,  10  etc. 

4) 

Y-ax  i  s 

zero 

5) 

Y-axis 

max 
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6)  Plot  Eta  Y 

7)  Plot  N,  Y 


Next,  press  ENABLE  PLOT  so  that  the  data  will  be  supplied  to  the 
plotter. 

h.  Plotter  -  The  plotter  must  be  initialized  before  any  plots 
can  be  obtained.  The  paper  used  depends  on  the  plots 
required.  For  steady  measurements,  semi-log  paper  is 
required  for  time  or  temperature  on  the  X  axis,  and  log-log 
paper  is  used  for  rate  on  the  X  axis.  The  plotter  is 
initialized  as  follows. 


1)  press  ON  LINE  switch 

2)  press  SERVO  on 

3)  place  paper  on  the  platen 

4)  press  CHART  HOLD 

5)  put  a  pen  in  the  holder 

6)  ensure  the  switch  below  the  platen  is  in  the  NORM 
pos ition 

The  axes  are  set  and  zeroed  by  using  the  knobs  to  the  left  of 
the  platen  and  vernier  pots  and  push  buttons  below  the  platen. 

1)  minimum  X  -  depress  and  hold  the  X  button  below  the 

platen  and  adjust  with  the  X  knob  beside  the  platen 

2)  maximum  X  -  adjust  with  the  X  vernier  pot 

3)  minimum  Y  -  depress  and  hold  the  Y  button  below  the 

platen  and  adjust  the  Y  knob  beside  the  platen 

4)  maximum  Y  -  adjust  with  the  Y  vernier  pot 

i.  Strip  Chart  Recorder  -  the  strip  chart  should  be  monitored 
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from  the  time  the  fixture  is  lowered  onto  the  sample  until 
the  end  of  the  experiment.  Both  torque  and  normal  force 
should  be  output. 

1)  Attach  the  outputs  from  the  Z  BNC  (normal  force)  and 
the  T  BNC  (torque)  form  the  back  of  the  signal  condi¬ 
tioner  to  the  strip  chart  recorder. 

2)  Start  the  recorder  at  a  slow  rate. 

3)  Zero  the  T  and  Z  outputs  while  the  fluid  is  at  rest. 

Measurements  -  Type  into  the  data  terminal  the  name  of  the 
sample  fluid,  the  volume  used,  the  fixture  measurements  and 
any  other  relevant  data.  Label  the  strip  chart  recording 
and  plot  paper.  Monitor  the  sample  Z  output  on  the  strip 
chart.  If  it  is  constant,  then  a  measurement  can  be  taken. 


1)  Ensure  the  motor  is  turned  on  at  the  test  station. 

2)  Press  START.  The  motor  will  start  at  the  first  rate. 
Monitor  the  torque  digital  readout.  It  must  be  >  1%  of 
full  scale  for  a  valid  measurement. 

3)  Monitor  the  torque  and  normal  outputs  on  the  strip 
chart  recorder.  Once  they  are  both  at  a  constant 
value,  press  READ  FOR  AVERAGE.  The  MEASURE  IN  PROGRESS 
light  will  come  on.  Measure  the  sample  for  a  minimum 
of  three  revolutions  of  the  sample  cup.  Press  the  READ 
FOR  AVERAGE  button  again.  Once  the  MEASURE  IN  PROGRESS 
light  goes  out,  the  rate  will  automatically  increase 
for  a  rate  sweep  and  the  data  for  the  first  point  will 
be  printed  at  the  data  terminal.  If  a  single  point  is 
selected  then  release  the  START  button,  and  the  values 
will  be  pr i nted . 

4)  For  a  rate  sweep,  repeat  step  3  until  the  sweep  is 
completed . 
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Note:  If  either  torque  or  normal  force  goes  beyond  100%  of  full 

the  OVERLOAD  light  will  come  on.  The  experiment  must  tie  shopped  it 
this  point  by  depressing  the  RESET  button. 

If  the  rate  is  too  fast,  then  some  of  the  sample  will  spin  out 
of  the  gap,  and  the  data  will  be  incorrect.  Again,  stop  the  experiment 
by  depressing  the  RESET  button. 

5)  At  the  end  of  the  rate  sweep,  allow  the  torque  and 
normal  force  to  relax  to  constant  values. 

6)  Select  the  opposite  direction,  and  repeat  steps  2  to 
S. 

Note:  The  torque  output  on  the  strip  chart  recorder  is  now  in  the 
opposite  direction  and  will  go  off  the  paper  unless  the  zero  is 
shifted . 

Once  measurements  in  the  two  directions  are  completed,  a  dynamic  sweep 
may  be  tried.  Again,  the  sample  should  have  relaxed  in  both  torque  and 
normal  force  before  any  measurements  are  attempted. 

9 .  Dynamic  Shear  Experiment 

In  a  dynamic  experiment,  the  sample  cup  is  oscillated  at  a 
selected  frequency  and  amplitude.  Usually  the  sample  is  tested  over  a 
range  of  frequencies  at  one  amplitude  (strain),  then  the  amplitude  is 
changed,  and  the  same  rates  are  repeated.  The  following  selections 
must  be  made  for  a  dynamic  shear  experiment. 

a.  Direction  -  select  DYNAMIC 

b.  Mode  -  select  RATE  SWEEP  (or  SINGLE) 
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c.  Rate  -  dial  in  the  initial  rate  (in  radians/sec)  on  the 

thumbwheel.  The  initial  rate  should  be  large  enough  to 
give  an  initial  torque  reading  of  one  percent  of  full 
scale.  If  a  rate  sweep  has  been  selected,  then  press  SWEEP 
PARAMETERS  and  input  the  following  data  on  the  Data 
Terminal . 

1)  last  rate  -  the  maximum  rate  should  not  exceed  100 
radians/sec . 

2)  points  per  decade  -  usually  there  are  10  points  per 

decade.  The  rates  are  divided  up  logarithmically. 

d.  TEST  Selection  -  this  is  the  same  as  described  in  the 

Steady  Shear  Experiment. 

e.  Temperature  -  this  is  the  same  as  described  in  the  Steady 
Shear  Experiment. 

f.  Printer  -  To  select  the  printer  output,  format,  press 

PRINTER  and  enter  either  Y  (yes)  or  N  (no)  after  each  entry 
on  the  data  terminal.  The  selections  for  output  are: 


1. 

G' 

Y 

2. 

G" 

Y 

3. 

Eta* 

Y 

4. 

G* 

N 

5. 

Tan  delta 

N 

6. 

Eta' 

N 

7. 

Eta" 

N 

8. 

Time 

N 
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9)  Rat  ('■  Y 

10)  Strain  Y 

11)  Temperature  Y 

12)  Torque  Y 

13)  Page  title  -  input  the  current  ■:  c  >■  ♦  ■  *  t 

heading 

Note:  Only  six  columns  are  allowed.  However,  the  s'  '  i  ir*  r-tj  ■* 

the  start  of  the  output,  and  is  not  considered  a  column. 

Next,  press  ENABLE  PRINT,  for  the  microprocessor  to  pass  information  to 
the  printer. 

g.  Plots  -  The  plotting  proceedure  is  similar  to  that 
described  in  the  Steady  Shear  Experiment.  The  plotter 
options  are  selected  by  pressing  PLOTTER  and  answering  the 
following  questions  at  the  data  terminal. 

1)  X  -  axis  =  Temp  N 

X  =  Rate  Y 

X  =  Strain  N 

2)  X  -  axis  zero 

3)  X  -  axis  max  Select  0.1,  1,  10  etc. 

4)  Y  -  axis  zero 

5)  Y-axis  max 

6)  Plot  G1  Y 

7)  Plot  G"  Y 

8)  Plot  Eta*  Y 

9)  Plot  G*  N 

10)  Plot  1/Tan  Del  N 

Note:  Only  three  options  can  be  plotted  at  one  time. 
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Next,  press  ENABLE  PLOT  so  that  the  data  is  sent  to  the  plotter. 

h.  Plotter  -  the  plotter  set  up  is  as  described  in  the  steady 
shear  experiment. 

i.  Strip  Chart  Recorder  -  the  strip  chart  is  NOT  used  for 
dynamic  measurements.  The  pen  would  not  be  able  to  follow 
the  oscillatory  motions. 

j.  Measurements  -  type  into  the  data  terminal  the  name  of  the 
sample  fluid,  the  volume  used,  the  fixture  measurements  and 
any  other  relevant  information.  Label  the  plot  paper. 
Ensure  the  strip  chart  recorder  is  off.  Measurements  are 
taken  as  foil ows : 


1) 

2) 


3) 


Ensure  the  motor  is  turned  on  at  the  test  station. 

Press  START.  The  experiment  is  now  under  the  control 
of  the  computer.  The  measurements  are  done 
automatically  at  each  rate  setting,  and  printed  at  the 
data  terminal . 

Monitor  the  torque  that  is  printed  after  each  measure¬ 
ment.  If  it  is  greater  than  75%  of  full  scale,  then 
stop  the  experiment,  as  the  torque  at  the  next  rate 
will  be  off  scale.  The  experiment  is  stopped  using  the 
RESET  button. 


At  the  end  of  the  dynamic  sweep,  the  strain  rate  may  be 
changed,  and  the  experiment  repeated.  It  is  recommended 
that  the  rate  sweeps  at  different  strains  be  plotted  on  one 
graph  paper  for  ease  of  comparison. 
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Note:  The  data  for  two  different  strains  (say  80%  and  90%)  shoo  Id  be 
the  sarre.  Otherwise  choose  a  smaller  strain,  until  the  aafa  is 
repeatable . 

10 .  Clean  Up 


At  the  end  of  an  experiment  the  following  procedures  should  be 
f o 1 1  owed . 

a.  Turn  off  the  motor 

b.  Raise  the  fixture  from  the  sample 

c.  Carefully  remove  the  fixture  and  clean  it  with  an 

appropriate  solvent.  Put  it  away  in  the  proper  wooden 

box . 

d.  Clean  the  sample  from  the  sample  cup.  This  is  normally 
done  in  situ.  If  the  sample  cup  must  be  removed  for 
cleaning,  the  circulating  bath  must  be  turned  off  and  the 
enviornmental  chamber  drained. 

e.  Remove  the  printer  output.  The  pages  should  be  labeled  in 
order,  then  placed  in  a  binder.  The  strip  chart  output 
should  be  labelled  with  the  date  and  sample  material.  It 
should  then  be  folded,  placed  into  an  envelop  and  filed 
along  with  the  printer  output,  and  any  plots. 

11.  Shut  Down  Procedures 


At  the  end  of  the  day  the  following  procedures  should  be 
fol 1  owed : 
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a.  Ensure  the  Clean  Up  procedures  (above)  have  been  followed. 

b.  Turn  off  the  environmental  chamber. 

c.  Turn  off  the  cooling  water  to  the  circulating  bath. 

d.  Turn  off  the  air  supply  to  the  RFR. 

e.  Turn  off  the  air  supply  to  the  air  table. 

f.  Turn  off  the  MAIN  power  switch,  if  the  RFR  will  be  inactive 

for  more  than  24  hours. 

SPECIAL  PROCEDURES 

1 .  Removing  a  Transducer 

Note:  this  must  be  done  with  the  air  supply  to  the  RFR  on. 

-  remove  the  dust  cover  at  the  top  of  the  tranducer  shaft  (6 
screws) 

-  raise  the  transducer 

-  remove  the  two  screws  which  hold  the  cables  in  place  along  the 
left  hand  side,  at  the  top  of  the  transducer 

-  disconnect  the  torque  and  normal  electrical  cables 

-  loosen  the  4  outside  screws  on  the  black  base  plate  of  the 
transducer  (on  the  bottom  end) 

-  holding  the  transducer  gently,  remove  these  screws 
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-  remove  the  transducer  from  the  bottom,  feeding  the  air  hose 
through  the  shaft 

-  shut  off  the  air  supply 

-  remove  the  air  hose  from  the  transducer 

2 .  Installing  a  Transducer 

There  are  several  steps  to  installing  a  transducer  -  changing 
the  torque  and  normal  boards,  ensuring  the  transducer  cores  are 
centered,  physically  installing  the  transducer,  zeroing  the  transducer, 
calibrating  the  torque  and  normal  force  and  setting  the  notch  filters. 

a.  Each  transducer  has  a  set  of  torque  and  normal  boards. 
When  a  new  transducer  is  installed,  the  proper  set  of 
boards  must  also  be  installed. 

-  turn  the  main  power  off 

-  change  the  torque  and  normal  boards  in  the  signal 
conditioner  drawer 

-  the  torque  is  the  second  last  board  and  the  normal  is  the 
last  board 

-  turn  the  main  power  on 

b.  The  transducer  must  be  checked  to  ensure  that  the  cores  of 
the  LVDTs  are  centered  in  the  coil  housing,  before  the 
transducer  is  installed  in  the  RFR. 

-  set  up  a  ring  stand  at  the  left  side  of  test  station 

-  carefully  place  the  transducer  in  the  ring  stand 

-  attach  the  electrical  connectors  from  the  transducer  to 
the  test  station. 

Note:  the  wires  to  the  connectors  are  very  fragile  and  easily  broken. 
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connector,  at  the  red  and  black  wires 

-  the  voltage  should  be  zero,  if  the  core  is  centered 
lengthwise  in  the  coil  housing;  the  normal  LVDT  is  at  the 
top  of  the  transducer  assembly 

-  if  the  voltage  is  not  zero,  loosen  the  alien  screw 
holding  the  coil  housing  in  place  and  slowly  move  it  up 
and  down  until  the  voltage  is  zero,  at  the  null  position 

-  ensure  the  core  is  also  centered  crosswise  in  the  coil 
housing 

-  tighten  the  screw  holding  the  coil  housing 

-  repeat  the  process  for  the  torque  LVDT,  which  is  located 
at  the  side  of  the  transducer  assembly. 
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c.  -  zero  the  torque  meter  using  the  coarse  and  fine  offset 

adjusts  (#3-1,2);  if  there  is  not  enough  adjustment 
possible,  center  both  the  adjusts,  and  use  pot  R24  on  the 
torque  board  to  zero  the  meter 

-  zero  the  normal  meter  in  the  same  manner,  using  pot  R24 
on  the  normal  board,  if  necessary. 

d.  To  install  the  tranducer  in  the  test  station: 

-  disconnect  the  torque  and  normal  electrical  connectors 

-  remove  the  transducer  from  the  ring  stand 

-  attach  the  air  supply 

-  turn  on  the  air  supply 

-  feed  the  transducer  into  the  housing  from  the  bottom 

-  ensure  the  air  hose  is  not  pinched 

-  holding  the  bottom  of  the  transducer  gently,  replace  the 
four  screws  which  hold  the  transducer  base  plate  to  the 
hous i ng 


UNCLASSIFIED 


UNCLASSIFIED 


/37 


-  reconnect  the  torque  and  normal  electrical  connectors 

-  connect  the  cable  holder  to  the  left  side  of  the 
transducer  housing 

-  replace  the  dust  cover. 


Roughly  align  the  transducer  using  the  alignment  tool. 

-  drain  and  remove  the  environmental  chamber  and  the  sample 
cup 

-  install  the  alignment  tool  in  the  motor  shaft 

-  loosen  the  four  screws  in  the  bottom  of  the  transducer 
base  plate,  si ightly 

-  gently  lower  the  transducer  shaft  into  the  alignment 
tool,  shifting  the  transducer  so  it  is  symmetric  in  the 
tool 

-  tighten  the  four  screws  on  the  transducer  base 

-  raise  the  transducer. 


When  a  transducer  is  installed  the  transducer  shaft  must  be 

checked  for  flatness  and  concentricity  relative  to  the 

motor  shaft,  (see  Figure  9) 

-  install  the  aluminum  calibration  fixture  (or  other  flat, 
rigid  fixture) 

-  drain  and  remove  the  environmental  chamber,  and  the 
sample  cup 

-  install  the  dial  indicator  gauge  in  the  motor  shaft 

-  to  check  the  concentricity,  position  the  dial  gauge  to 
the  outer  edge  of  the  parallel  plate,  and  revolve  the 
gauge  around  the  plate.  The  mirror  behind  the  motor 
shaft  is  very  useful  for  reading  the  gauge. 

-  si ightly  loosen  the  four  outside  screws,  on  the  bottom 
of  the  transducer  base  plate 
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-  tap  gently  on  the  base  plate  to  correct  misalignments 

-  slowly  tighten  the  four  screws,  checking  the  concentri¬ 
city  to  ensure  that  it  doesn't  change. 

Note:  the  change  in  concentricity  around  the  plate  should  be  less  than 
2/1000  of  an  inch  or  0.05  mm. 

-  check  the  parallel  plate  for  flatness,  all  around  the 
bottom,  as  close  to  the  edge  as  possible 

-  adjustments  are  made  at  the  steel  base  of  the  cover  over 
the  motor  (see  Figure  2,  #15).  Loosen  the  three  large 
screws  and  adjust  the  flatness  using  the  3  small  screws 

Note:  the  plate  should  be  flat  all  around  to  with  3/10000  of  an  inch, 
or  0.0076  mm 

-  recheck  and  adjust  the  concentricity,  then  the  flatness 
until  they  are  both  within  the  limits 

Note:  accurate  geometry  is  essential  for  good  measurements 

Note:  if  there  are  severe  difficulties  with  the  alignment,  see  item  9 

of  this  section. 

g.  -  cal ihrate  the  torque  using  the  torque  calibration  board 
(3rd  board  from  the  front,  signal  conditioner  drawer) 

-  first,  turn  the  torque  calibration  screw  (#3-3)  fully  to 
one  end.  Then  turn  back  five  full  turns  to  get  to  the 
middle  (10  turn  potentiometer) 

-  set  the  RFR  up  for  a  calibration  as  outlined  in  the  DAILY 
OPERATIONS  section  of  this  manual 
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-  ensure  the  torque  meter  is  at  zero  when  there  are  nn 
weights  on  the  calibration  arm 

-  hang  a  weight  on  the  calibration  arm 

-  adjust  the  correct  gain  pot,  according  to  Table  III,  to 
obtain  the  correct  reading  on  the  torque  meter  and  the 
multimeter 


-  in  a  similar  manner,  calibrate  the  normal  force  using  the 
normal  calibration  board  (4th  board  from  front,  signal 
conditioner  drawer)  and  the  normal  force  calibration 
method  outlined  in  the  DAILY  OPERATIONS  section.  Select 
the  correct  gain  pot  to  adjust  from  Table  III. 
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Cross  Talk  Adjustment 


A  10P  Newtonian  fluid  is  used  when  checking  the  cross  talk 
between  the  torque  and  normal  transducers.  This  is  done  after  the 
torque  and  normal  force  are  calibrated. 


a.  Turn  the  RFR  off.  Open  the  signal  conditioner  drawer, 
remove  the  torque  board  (2nd  last  card),  put  it  on  the 
small  extender  board,  and  place  the  extender  board  back  in 
the  drawer 

b.  Turn  the  RFR  on.  Set  the  geometry  to  the  correct  radius 
and  cone  angle. 

c.  Load  the  sample  and  lower  the  fixture. 

d.  Connect  the  output  from  the  normal  BNC  connector  (at  the 
rear  of  the  signal  conditioner  drawer)  to  the  voltmeter. 
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e.  Zero  the  normal  force  meter  on  the  front  of  the  signal 
cond i t ioner  . 

f.  Set  the  RFR  to  SINGLE,  STEADY  CW,  initial  rate  200  sec'1. 
Press  START,  read  the  normal  force  display  and  voltage  in 
the  CW  direction,  then  the  CCW  direction  (the  torque 
should  be  -v-  79  g  ■  cm)  . 

g.  Minimize  the  normal  force  output  in  both  directions  by 
adjusting  R3  on  the  torque  board. 

h.  When  the  calibration  is  complete,  turn  the  RFR  off,  remove 
the  extender  board,  reinstall  the  torque  board  and  close 
the  top  drawer. 

Temperature  Calibration 

a .  PRT  Setpoint 


-  this  is  used  if  the  thermocouple  reading  is  correct,  but 
the  bath  temperature  is  not  what  was  dialed  in  the 
thumbwhee 1 

-  use  the  temperature  board  (first  card  on  the  right  side, 
Computer  drawer) 

-  dial  in  30°  with  the  TEMP  thumbwheel 

-  monitor  the  temperature  on  the  digital  display,  after  the 
BATH  HI/LOW  indicator  lights  are  out 

-  if  the  display  doesn't  read  30.0°,  adjust  pot  R25  on  the 
temperature  board  until  the  correct  BATH  HI/LOW  indicator 
light  is  on  (turn  CCW  to  increase  the  temperature 
reading) 
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-  repeat  until  the  temperature  reads  30.0°  with  both  lights 
out 

-  set  the  temperature  to  80.0°  with  the  thumbwheel,  and 
monitor  the  temperature  display  and  the  high/low 
indicator  1  ights 

-  adjust  pot  R33  if  necessary 

-  ensure  the  reading  at  80.0°  is  correct,  then  repeat  the 
high  and  low  temperature  adjustments  until  the  readings 
are  correct  at  30.0°  and  80.0° 

b .  Thermocouple  Calibration 

-  use  ice  water  (or  crushed  ice),  boiling  water  and  an 
accurate  thermometer  to  calibrate  the  thermocouple 

-  plug  the  thermocouple  into  the  RFR  test  station  and 
insert  it  into  the  ice  water 

-  read  the  TEMP  digital  display  and  the  thermometer 
read i ng 

Note:  the  thermometer  reading  must  be  corrected  for  the  stem  area 

above  the  fluid.  This  is  described  in  Reference  9. 

-  if  the  TEMP  display  is  not  the  same  as  the  corrected 
thermometer  reading,  adjust  pot  R14  on  the  temperature 
board  (first  card  on  the  right,  computer  drawer) 

-  insert  the  thermocouple  into  the  boiling  water.  Wait 
until  the  temperature  is  93°C.  Make  any  adjustments  to 
pot  R33  on  the  temperature  board  if  the  TEMP  display 
doesn't  read  93°C. 

-  repeat  using  the  ice  water  and  boiling  water  until  the 
display  is  correct  at  both  ends  of  the  temperature  scale 
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Note:  when  the  thermocouple  is  disconnected  from  the  RFR  test  station, 
the  TEMP  digital  display  shows  the  temperature  inside  the 
microprocessor  chassis. 

4 .  Steady  Rate  and  Balance  Calibration 


This  calibration  is  done  in  three  steps  -  zeroing  the  rate, 
adjusting  the  symmetry  between  the  CW  and  CCW  directions,  and 
calibrating  the  rates. 

a.  The  electronics  are  set  to  zero  first 

-  turn  the  MAIN  power  off 

-  place  the  steady  board  (2nd  from  front,  signal 
conditioner  drawer)  on  the  small  extender  board 

-  with  a  voltmeter,  measure  the  voltage  between  R3  (right 
hand  side)  and  ground  (bottom  of  C3) 

-  dial  in  0.0  on  the  RATE  thumbwheel 

-  measure  the  voltage  with  the  motor  off;  it  should  be  very 
small  (<  O.Olv) 

-  adjust  the  voltage  to  zero  on  the  Analog  I/O  board  (2nd 
board  from  right  in  the  computer  drawer)  at  R4 

-  the  zero  voltage  will  affect  the  drift  in  the  motor 
speed . 

b.  Next  the  electrical  symmetry  between  the  CW  and  CCW 

directions  is  checked. 

-  dial  in  9.99  sec"1  on  the  rate  thumbwheel  (the  motor  is 
still  off) 

-  set  the  instrument  to  STEADY  CW 

-  press  START 

-  the  voltmeter  should  read  -v  10  V 

-  reverse  the  direction  to  STEADY  CCW 
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-  the  voltage  should  be  the  same  value  as  in  the  CW 
direction,  but  with  opposite  polarity 

-  adjust  R3  on  the  Analog  I/O  board  (second  from  loft, 
computer  drawer)  until  the  voltages  from  the  two 
directions  are  the  same  absolute  value. 

Once  the  computer  has  been  electrically  calibrated  (as  in  a 

and  b),  the  rate  can  be  checked. 

-  on  the  steady  board  (2nd  from  front,  signal  conditioner 
drawer)  connect  the  voltmeter  across  C5  (or  the  bottom  of 
R3  and  the  left  side  of  R18).  This  measures  the  TACH 
voltage  from  the  motor 

-  set  the  RFR  to  cone/plate  geometry,  1  radian  cone,  STEADY 
CW 

-  input  the  rate  as  0.628  sec"'.  At  1  radian  cone  angle, 
the  time  for  one  revolution  should  be  10.0  seconds 

-  position  a  pointer  on  the  motor  shaft,  and  a  marker  on 
the  base  plate  under  the  pointer 

-  turn  the  motor  on 

-  press  START 

-  with  a  stop  watch,  measure  the  time  for  one  revolution. 
If  the  time  is  not  exactly  10.0  seconds,  then  adjust  R10 
on  the  steady  board 

-  the  timing  must  be  done  precisely  and  accurately  for  a 
good  rate  calibration 

-  note  the  voltage,  after  the  rate  has  been  properly  set; 
this  voltage  should  be  -v  0.20  volts  and  is  used  to 
calibrate  the  other  rates 

-  press  RESET 

-  check  and  adjust  the  voltages  at  the  following  rates: 
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6.28  sec'1 

2.0V 

pot  R7 

62.8 

20.0 

pot  R5 

0.0628 

0.020 

pot  R13 

0.00628 

0.0020 

pot  R15 

Dynamic  Amplitude  Check 


a.  -  remove  the  env ironmenta 1  chamber  and  the  sample  cup 

-  install  a  sheet  of  polar  graph  paper,  with  calibration 
marks  at  -0.5,  0  and  0.5  radians 

-  attach  the  pointer  to  the  motor  shaft. 

b.  -  attach  the  voltmeter  to  the  STRAIN  BNC,  at  the  rear  of 

the  signal  conditioner  drawer 

-  in  the  dynamic  mode,  the  voltage  with  the  pointer  at  the 
0.5  radian  mark  on  the  left  side  should  equal  the  voltage 
at  the  right  0.5  radian  mark. 

c.  -  make  adjustments  at  R37  on  the  first  board  in  the  signal 

conditioner  drawer 

d.  -  unhook  the  STRAIN  connection  between  the  computer  and  the 

signal  conditioner 

-  set  the  RFR  to  700  on  the  TEMP  thumbwheel,  50%  strain, 
rate  of  0.2  rad/sec 

-  press  START;  the  pointer  should  oscillate  between  the  two 
0.5  radian  marks  on  the  polar  graph  paper. 

e.  -  make  any  adjustments  to  R5  on  the  first  board  of  the 

signal  conditioner  drawer. 
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Accessing  the  Computer  Memory 

a.  -  at  the  back  of  the  microprocessor,  set  the  mode  switch  to 

TEST 

-  depress  the  TIME  and  BLANK  displays 

-  type  CTRL  S  at  the  data  terminal  and  a  beep  will  sound  (S 
is  for  start) 

-  type  in  the  required  computer  location  (all  locations 
start  with  D) 

-  type  in  CTRL  E  (to  end  the  location) 

-  the  readout  on  the  display  indicates  what  is  stored  in 
that  computer  location. 

b.  -  the  phase  angle  locator  is  D4000 

c.  -  the  temperature  locator  is  D40FD 

d.  -  the  strain  locator  is  D4100 

-  ignore  the  decimal  place  in  this  display 

e.  -  the  frequency  locator  is  D40FA 

f.  -  the  mode  locator  is  D40EF 

-  there  is  a  binary  readout  on  the  display  which 
corresponds  to  the  following: 

1  =  signal 

2  =  rate  sweep 

4  =  temperature  sweep 
8  =  frequency/temperature  sweep 
16  =  strain  sweep 
32  =  thixotropic  loop 
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68  =  cure  cycle 
128  =  transient 

g.  -  the  geometry  locator  is  D40F0 

-  the  binary  readout  on  the  display  corresponds  to  the 
following: 

1  =  cone  and  plate 

2  =  para  1 1 e 1  pi  ate 
4  =  torsion 

8  =  couette 
16  =  coni-cyl indrical 

h.  -  the  transducer  locator  is  D4 0 F 7 

-  the  binary  readouts  correspond  to: 

64  =  1  g-cm 
32  =  10  g-cm 
128  =  100  g-cm 

i.  -  the  directional  locator  is  D40F8 

-  the  binary  code  corresponds  to: 

1  =  dynamic 

2  =  steady  CW 
4  =  steady  CCW 

Note:  be  sure  to  turn  the  switch  to  SINE  at  the  back  of  the 

microprocessor  unit  when  the  test  is  complete. 

7 .  Phase  Angle  Adjustment 


r.v 

$ 

r*.  * 

r:- 


The  phase  angle  is  checked  using  a  10P  Newtonian  standard 


fluid. 
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a.  -  set  the  instrument  to  DYNAMIC,  rate  sweep,  30%  strain 

-  lower  the  fixture  onto  the  sample. 

b.  -  at  the  back  of  the  microprocessor,  turn  to  the  TEST  mode 

-  depress  the  TIME  and  BLANK  displays 

-  access  the  computer  memory  with  the  code  D4000. 

c.  -  press  START  and  monitor  the  BLANK  display 

-  the  display  should  read  -99° 

if  there  is  more  than  a  half  degree  difference, 
adjustments  are  made  on  the  torque  calibration  board 
(third  card  from  front,  signal  conditioner  drawer). 

d.  -  set  the  instrument  to  80  rad/sec,  SINGLE,  100%  strain 

-  adjust  pot  R15  (for  the  100  g-cm  transducer)  or  pot  R7 
(10  g-cm  transducer)  until  the  phase  angle  is  90°. 

e.  -  recheck  the  phase  angle  with  a  rate  sweep. 

8 .  Spikes  in  the  Torque  or  Normal  Outputs 


Spikes  which  occur  in  the  torque  or  normal  outputs,  at  regular 
intervals  may  result  from  carbon  deposits  on  the  motor  brushes.  The 
carbon  deposits  may  also  result  in  an  imbalance  between  the  CW  and  CCW 
directions . 

a.  -  set  the  instrument  to  STEADY  CW,  1.0  radian  cone  angle, 

90  sec"1  rate  (this  is  90%  of  the  maximum  rate,  with  this 
cone  angle) . 

b.  -  press  START,  HOLD 

-  leave  at  this  rate  for  20  minutes. 
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c.  -  change  to  steady  CCW,  and  repeat  for  another  20  minutes. 

This  should  eliminate  the  spikes. 

d.  -  the  buildup  will  occur  if  the  dynamic  mode  is  used 

regularly,  or  if  using  only  low  speeds  in  the  steady 
mode 

-  the  proceedure  may  need  to  be  done  on  a  regular,  monthly 
basis. 

9 .  Flatness  and  Concentricity  Problems 


Sometimes  the  alignment  of  flatness  and  concentricity  is  very 
difficult.  There  are  three  possible  sources  of  error;  severe  initial 
misalignment,  worn  screws  on  the  motor  base  plate  or  failure  to  tighten 
all  the  screws  sufficiently. 

a.  -  if  the  initial  alignment  is  very  bad,  there  may  not  be 

enough  movement  in  the  alignment  screws  to  correct  it. 

-  the  transducer  base  should  readily  move  up  and  down  in 
the  transucer  housing.  If  it  doesn't,  loosen  the  four 
screws  in  the  baseplate  and  reposition  the  transducer. 

-  use  the  alignment  tool  to  get  a  good  initial  alignment 

-  when  changing  the  concentricity,  ensure  all  four  screws 
are  tight  to  start,  then  loosen  them  very  slightly. 

b.  -  the  three  screws  used  to  level  the  baseplate  may  be  worn 

and  slipping,  or  the  steel  under  the  screws  may  be 
rusted 

-  turn  the  MAIN  power  off 
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remove  the  three  large  screws  and  the  toree  small  screws 
in  the  motor  base  plate 

remove  the  motor  from  the  housing,  and  place  it  beside 
the  test  station. 

clean  the  small  plates  that  the  leveling  screws  touch 
using  acetone,  then  polish  with  some  crocus  cloth 
reinstal 1  the  motor 

replace  the  three  small  screws,  if  they  are  worn  or 
dirty 

recheck  the  alignment. 

if  the  four  top  screws  (for  concentricity)  and  the  three 
bottom  screws  (for  flatness)  are  not  tightened  properly, 
the  alignment  may  shift 

each  screw  should  be  tightened  slowly,  while  monitoring 
the  alignment  on  the  dial  guage. 
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TABLE  II 


CALCULATED  MINIMUM  VOLUMES  REQUIRED  FOR  VARIOUS  CONE/PLATE 
_ FIXTURES  (R  =  2.5cm) _ 


Cone  Angle  ha  Volume  of  ^  Volume  ofc  Minimum  Fluid*-* 


(radians) 

(degrees ) 

(cm) 

Cone  (cm3) 

Cyl inder  (cm3 ) 

Volume  (mL) 

0.01 

0.573 

0.025 

0.164 

0.491 

0.327 

0.02 

1.146 

0.050 

0.327 

0.982 

0.655 

0.04 

2.292 

0.100 

0.655 

1.963 

1.308 

a  h  =  R  x  tan  (cone  angle) 
b  Cone  Volume  =  1/3  H  R2  h 
c  Cylinder  Volume  =  II  R2  h 

d  Fluid  Volume  =  Cylinder  Volume  -  Cone  Volume 
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TABLE  III 


INTERNAL  CALIBRATION  OF  THE  TORQUE  AND  NORMAL  FORCES 


CALIBRATION 

LOCATION 

TRANSDUCER 
SELECT  POSITION 

CALIBRATION 

POT 

Torque 

Signal  Conditioner 

drawer , 

1 

R13 

3rd  board  from  the 

front 

10 

R10 

100 

R16 

Normal  Force 

Signal  Conditioner 

drawer , 

1 

R13 

4th  board  from  the 

front 

10 

R10 

100 

R16 
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LEGEND  FOR  FIGURE  2 


Schematic  of 

RFR  Test  Section 

■t  Number 

Description 

2-  1 

Gap  indicator  gauge 

2-2 

Course  gap  set  indicator 

2-3 

Course  spindle  position  control 

2-4 

Fine  spindle  position  control 

2  -  5 

Thermocouple  plug-in 

2-6 

Fine  gap  set  indicator 

2-7 

Environmental  chamber 

2-8 

Sample  cup 

2-9 

Connections  for  circulator  bath 

2-10 

Pump  reset  switch 

2-11 

Environmental  chamber  switch 

2-12 

Fleater  indicator  light 

2-13 

Motor  switch 

2-14 

Main  power  switch 

2-15 

Motor  unit 

2-16 

Transducer  assembly 

2-17 

Transducer  spindle  lock 

2-18 

Gap  position  stop 

2-19 

Attachment  for  air  line 

2  -  20 

Transducer  shaft 
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Figure  2 

SCHEMATIC  OF  RFR  TEST  STATION 
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Part  Number 


3-4 


3  -  6 


3  -  10 
3-11 
3  -  12 
3  -  13 


3  14 
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Schematic  of  RI  R  Signal  Conditioner 


Description 


Course  offset  adjusts  for  toruqe  and  normal  force  meters 

Fine  offset  adjusts  for  torque  and  normal  force  meters 

Torque  and  normal  force  calibration  screws 

Transducer  switch 

Torque  and  normal  force  meters 

Auxiliary  outputs  Y  output  selector  switch 

Auxiliary  outputs  Y  gain  selector  switch 

Auxiliary  outputs  X  sweep  selector  switch 

Auxiliary  outputs  start /reset  switch 

Strain  servo  controller  on  /off  switch 

Strain  servo  controller  offset  switch 

Strain  servo  controller  direction  control  switch 

Strain  servo  controller  input  switch 

Strain  servo  controller  dynamic/steady  selector  switch 
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SCHEMATIC  OF  RFR  SIGNAL  CONDITIONER 
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LEGEND  EOR  FIGURE  4 
Schematic  of  RFR  Computer  Controls 

Part  Number  Description 


4  -  1 

Data  select  switches 

4-2 

Digital  displays 

4-3 

Bath  indicator  light 

4-4 

Mode  select  switch 

4-5 

Test  select  switch 

4-6 

Temperature  set  switch 

4  -  7 

Rate  set  switch 

4-8 

Stain  set  switch 

4-9 

Output  select  switch 

4  -  10 

Sweep  parameter  selector  switch 

4-11 

Test  geometry  select  switch 

4  -  12 

Output  control  switches 

4-13 

System  control  switch 

4-14 

System  control  switches 

4-15 

Status  indicator  displays 

UNCLASSIFIED 


UNCLASSIFIED 


Figure  6 

GLASS  SAMPLE  CUP 


UNCLASSIFIED 


UNCLASSIFIED 


SSP  105 


UNCLASSIFIED 


WV 


»V.V 


»s 


Figure  8 

NORMAL  FORCE  CALIBRATION 


SSP  105 


UNCLASSIFIED 


Figure  9 

SET  UP  FOR  CONCENTRICITY  AND  FLATNESS  CHECK 


UNCLASSIFIED 


■  VA’MVAW VW< 


RHEOMETRICS,  INC. 

XCOX 


CERT  I  K  I  C  ‘  1 1  IN 


SYSTEM:  /  _-j  '■ 

MATERIAL:  .  -  . 


DATE  : 


/ 


INSP: 


S/N  : 


CUST: 


NOMINAL  CONE  ANGLE  •  ^  / _ (f.AD)  NOMINAL  GAP 

MEASURED  CONE  ANGLE  •.  /' 7  (RAD)  ACTUAL  GAP: 

(ACTUAL)  ~  . 


Q.C ./AUTH 


RHEOMETRICS.  INC 


CERTIFICATION 


SYSTEM:  A?  7 _ 

MATERIAL:  »■  ts'-*  (■/  , 


DATE: 


Jf  i 


INSP : 


S/N:  /  3  3 


CUST:  t>-i 


A  *  7 


■  r 

C  -J  -V  -5  ^ 


NOMINAL  CONE  ANGLE 

.  '  </o 

(RAD) 

NOMINAL  GAP: 

.  c  ■  r- 

(mm) 

MEASURED  CONE  ANGLE 

.  v.  5  7c* 

(RAD) 

ACTUAL  GAP: 

.  C  s'o  3 

(mm) 

(ACTUAL) 


CERTIFICATION 


SYSTEM:  _ 

MATERIAL:  j Uw*,  (AH?  /  /  ) 

S/N:  lt~?  f\ _  CUST:  /*■/ fc 

NOMINAL  CONE  ANGLE  (RAD)  NOMINAL  GAP 

MEASURED  CONE  ANGLE  O.C')C/  (RAD)  ACTUAL  GAP: 
(ACTUAL) 


DATE:  IC/JY/tS 


INSP : 


Q.C 


CERTIFICATION 


SYSTEM:  (\ff> 

DATE: 

u'  ts 

/\  >  .  v  *  . 

Q.C. 

MATERIAL:  f'W/  :'£.r  / 

INSP : 

5 

S/N  '• _ ILZJi _ 

COST: 

NOMINAL  CONE  ANGLE  (RAD)  NOMINAL  GAP: 

MEASURED  CONE  ANGLE  (RAD)  ACTUAL  GAP: 

(ACTUAL) 


CERTIFICATION 


SYSTEM:  fi.r.  f<,  . _ 

MATERIAL:  ^ 

S/N:  //  7 _ 

NOMINAL  CONE  ANGLE  «  0  ^  ° 

MEASURED  CONE  ANGLE  -0/£ 
(ACTUAL) 


CUST:  /V  C  . 

(RAD)  NOMINAL  GAP:  -  L  *  $  U 

(RAD)  ACTUAL  GAP:  -  C 


q.c./auth. 


60  Fadem  Road,  Springfield,  N.J.  07081  •  Telephone  201/467-4700 


V  V.  *u  V.  V  \  V  •-  --  ^ 


B  -  4  _ UNCLASSIFIED _ 

_ This  Sl'.ct  t  Sfdiritv  Clnssif  *i  if  ion 


OOCUMENT  CONTROL  DATA  -  R  &  0 

iSacui'iv  daaaif'Canon  of  ml#,  body  of  abafract  and  Indexing  annotation  mult  ba  antarad  whan  iha  ovarall  documant  <t  ciaaaifiad) 


f  ORIGINATING  ACTIVITY 


Defence  Research  Establishment  Suf field 


I  DOCUMENT  TITLE 

DRES  Physical  Chemistry  Laboratory  Procedures  Manual  Volume  II 
Rheometrics  Fluid  Rheometer 


*  DESCRIPTIVE  NOTES  ITypa  of  raport  and  mclunva  dataal 

Suffield  Special  Publication  No.  105 


5  AUTHORISI  (L»«i  name,  lirit  nimi.  middle  initial) 


2a  OOCUMENT  SECURITY  CLASSIFICATION 

Unclassi fied 


2b  GROUP 


M.D.  Gauthier-Mayer 


6  DOCUMENT  DATE  ,  .  ino-, 

July  1987 


8*.  PROJECT  OR  GRANT  NO 

25  ISC- 1 1- A 

8b  CONTRACT  NO 


7a  TOTAL  NO  OF  PAGES  7b  NO  OF  REFS 


9a  ORIGINATOR'S  OOCUMENT  NUMBER  (S) 

Suffield  Special  Publication  105 


9b.  OTHER  OOCUMENT  NO.tSI  (Any  othar  numban  that  may  ba 
aaaignad  thia  documantl 


10  DISTRIBUTION  STATEMENT 

Unlimited 

11  SUPPLEMENTARY  NOTES 

12.  SPONSORING  ACTIVITY 

13  ABSTRACT 

The  Rheometrics  Fluids  Rheometer  (RFR)  is  a  sophisticated,  automated  device 
for  measuring  the  rheoloqical  properties  of  low  to  medium  viscosity  fluids.  This 
publication  is  a  detailed  users  manual  for  the  RFR.  It  contains  information  on 
the  instrumentation,  daily  operations  and  special  procedures  for  the  RFR.  It 
should  be  used  in  conjunction  with  the  Operations  Manual  for  the  RFR  supplied 
by  the  manufacturer  -  Rheometrics,  Inc. 


IMI8 

Ta  ATI 


•5> 


^  ^-7  OUT  V  V  V  V A.V  .V.-,  .-XI 


k 


r. 


$ 


■f. 

«r. 

>. 

V, 

> 

> 


UNCLASSIFIED 

!  hi-;  :  ■  r*. « - » ■  t  Scruritv  Class  i  f  i  <  .  t.  ion 


KEY  WORDS 


rheometer 

manual 

maintenance 


INSTRUCTIONS 


>HI<  ,  I  N 


l  INQ  At.TlVlT  V  f  .uni 

i>  HAning  th»*  d«»;i»  nent 


he  nunR  and  address  of  the 


9b  OTHER  DOCUMENT  NUMBER <S>  if  the  document  has  bean 
att>gned  any  other  document  numbers  leither  by  the  originator 
or  by  the  sponsor),  also  enter  th.s  number  Is) 


iXH.UMt'NT  SKUHI  f  V  (  L  ASSl  F ‘CA  T  ION  Enter  the  overall 
m*.  .imy  *  i.»ss»hreb<  o  of  the  dm  u  rant  including  special  warning 


>»ix  wtu  ithphcnble 


d..t. 


/»iiy  rm  lassifu  neon  group  number.  The  three 
»*;  Append'R  V  nl  thn  f)RB  Seiurity  Regulations 


10  DISTRIBUTION  STATEMENT  Enter  any  'imitations  on 

further  ebssemmebor  ot  the  document,  othai  than  those  imposed 
by  security  classification  using  stand* d  statements  such  as 


ill  "Qualified  requesters  may  obtain  (op«es  of  mu 

dor  u  mart  *m  im  their  defence  documentation  centyi 


1  »T  I  t  f  •  1 1 hi  ‘he  i  i.np.eia  document  title  in  all 
•  I  i.i's  id  «it  ( rises  should  be  unclassified  If  a 
h*s«  >pt  f.i'a  cannot  be  selected  without  classib 
r 1 1 * i*  i  i.ns.'i.  w  -h  the  usual  one  capital  latter 

1 1 1  •** 1 1 h**sr*s  .»t  »ued  »tr»i v-  billowing  the  tula 


Announcement  and  d*ssemmat >of>  ('*  Ihn  document 
'S  not  authorized  W'fhvJut  prior  epp'Kd1  from 
'»»  iqmapnq  activity 


I  f 


1  i  ’*>  • 1  i  ’  1  mar  thn  *  a  ingot  y  o*  document.  «  g 

i  H|)*»r»  »n«  hmi  el  note  or  t*<  hmeef  latter  If  eppropri 
ih»»  typr  .  f  document.  B  g  interim,  progress, 

•Hni:0i  u  fmei  Give  the  inclusive  dates  when  a 

ifihut  ny  penOrf  11  COvnml 


suppi  r  me n  t  An > 

notes 


NOf  l'*  Use  'o'  eddit'uf'»>  e*pl«*ndto»y 


12 


SPUNSORfNu  ACTivMV  Ente-  the  name  u*  the  departmental 
protect  office  or  laboratory  sponsoring  the  research  and 
(development  Include  address 


in  •*  *.»  t'diM  the  iNimels)  ol  Si«fhot(il  as  shown  on  or 
»h»i  it  •  itiniirit  f  * «n  'iim  name  first  name,  middle  initial 
.  n  lie  y  \how  m  ■»>  Thi*  name  of  1 1  it*  principal  author  »f  an 
tsoiufe  minimum  mi|i i >•  "I'isrt 


•iKUfsV'NI  DAM  F  iter  tt>e  dale  'month  year)  of 
Miitiiist-  •  fni  appi uval  fur  publication  of  the  dot  u men t 


>1  At  f.i.'MHl  il  )F  PAGES  The  total  page  count  shouirf 
■ 1 1< i w  '•  >rmal  pegmitimo  ivoradurei  a  enter  the  number 


ABSTRACT  Enter  «n  abstract  giving  a  brief  and  factual 
summary  of  the  document,  even  though  it  may  also  appear 
elsewhere  .n  the  body  o*  the  document  'tied  ft  is  highly 
desirable  that  the  abstract  of  classified  documents  be  unciaiv 
lied  E mh  paragraph  nl  the  abstract  shed  end  w«th  an 
indication  o'  the  'Siu  'ly  clessif ication  of  the  information 
m  the  paragraph  «un»es§  the  docurrient  tself  n  unclassified 
represented  as  (TS)  (S'  it‘l.  <RI  or  (U) 


tinges 


■  itfiir  < i ig  > i»fni mot " 


The  lengih  of  ihe  elutract  should  be  limited  to  20  single- spaced 
standard  typewritten  i.nes  7's  mchei  lo  ng 


'  )t  Ml  f  |  It.  V 


I  S  f 

■  mini 


uer  th*»  total  number  ol 


N  !  GtiMMEd  if  appropriate  enter  thi* 
l  -  level.  *  p*  siect  oi  grant  numb#1 


will  w  1  *  ran 


Kl  V  AOH['»  Km,  wonts  rfifl  technically  <)>ssnmgful  terms  or 
short  phrases  that  (h*i*«t«M/e  «  intnmtni  «nd  tOufd  be  he'plul 
hi  lAtelngmu  Ihe  |Iiim.’iiiihi  Key  w  <  fl  should  bn  sutoi  tin  I  *»> 
that  no  seiui'ty  i  les«*.f u  et.on  u  'nqiiued  hfe'd'lieis  ‘■uct'  **\ 
equipment  model  i  InugoMPor  ft mte  <  ame,  •ni'>tn»y  protect  rude 
name,  geography  tm  atum.  no,  tie  user!  as  ‘■ey  words  tiui  will 
ti*  followed  by  .»»»  »nr**  ntmn  ol  t.-i  hmei'  i  nnliul 


ut  nnter  the  apph:  able 
w.is  writ 'an 


n.l.Mf  M  NUMBf  M(S)  Eruer  thn 
nlM"  t > v  wh»rh  thn  document  will  bn 
Ill'll  by  i  f  * «»  I*’  'jjHHt  ing  activity  This 
jun  to  ih.s  dor  umem 


wmmmmmmrnmmmmsm 


